Objective -To evaluate the cost effectiveness of independent double reading of screening mammograms. Setting -Prospective study of 18817 women undergoing first or repeat screening in a population based programme in the Florence district. Methods -MallllllogralIls were independently double read by experienced radiologists. Subjects with mammographic abnonnalities reported by at least one reader were recalled for diagnostic assessment, The mean increase in recall rate, cancer detection rate, and screening costs attributable to double reading was calculated.
Mammographic screening has been shown to reduce breast cancer mortality in women aged over 50, and new screening programmes will be implemented all over the world in the near future. Among current recommendations to optimise screening performance, double reading ofmammograms is suggested as an effective way of maximising sensitivity. 1 2 Mammographic screening has been carried out in Florence district since 1970 34 and was extended to Florence city in 1990. 5 In this paper we report the results of a prospective study of independent double reading, aimed at assessing the cost effectiveness of such a policy.
Material and methods
The features of the screening programme in Florence district have already been reported in detail.l" Resident women aged 50 to 70 are offered biennial mammography. Two views (mediolateral oblique and craniocaudal) are currently taken at the first screening, and a single oblique view is taken at repeat screening in selected subjects on the basis of breast radiological density (Wolfe N1-PI patterns). Films are read once by trained radiologists who have a minimum of two years' screening experience and have read more than 20 000 mammograms.
From January 1991 to November 1994 independent double reading was performed for the purpose of the study on a subset of screening mammograms. Owing to the radiologists' workload, double reading was intermittent, and at the end of the period the double read series accounted for about 20% of all screening tests performed in that period. Films were displayed on a multiviewer and were consecutively read by two radiologists. The second radiologist was unaware of the first reader's report, and delible markings on the films were made only at the second reading. Four radiologists took part in the study and were randomly allocated to act either as first or second reader. The study examined women at their first screening test in the Florence city programme or at repeat screening in the Florence district programme, respectively.
Women were referred for diagnostic assessment when findings indicating a suspicious or definite malignancy were reported by at least one radiologist. Compliance with assessment was 100%. Assessment by palpation, detail or magnification mammography, ultrasonography, and aspiration (free hand or guided) cytology was centrally performed by the screening radiologists at the breast clinic in Florence city. Women for whom open biopsy was recommended were followed up either directly or through the local cancer registry? until a histological report was obtained and the cancer staging (if any) detected by screening was known.
The effect of double reading was analysed by comparing the increase in referral and cancer detection rate at double and single reading. As double reading was blind and independent, both readers were considered alternatively as first or second reader. The mean percentage second reader contribution to cancer detection was calculated according to the formula: 
Discussion
This study confirms that independent double reading may improve the rate of detection of cancer by screening. Such an improvement is similar at first or repeat screening. Cancers detected by only one reader were at an earlier stage than those detected by both readers. Although such a difference is not statistically significant owing to the limited sample size, it suggests that the cancers missed by one of two radiologists were smaller in size and the most difficult to be perceived as suspicious.
On the other hand, double reading increased referral rate and screening costs. The former might be acceptable in view of the low referral rate at single reading," and probably could be reduced further by a consensus review," The proportional increase in screening cost attributable to double reading was limited but about twice as great as the proportional increase in the cancer detection rate at both the first (8, 5 v 4'8%) and repeat screening (6'2 v 3,4%).
This study shows that the benefit of double reading seems to be smaller than usually reported." We have no convincing explanation for such a difference, though it might be accounted for by the fact that the readers in our study were experienced and their work was almost entirely with screening mammograms, which would maximise the performance of single reading.
The policy of routine double reading could be criticised as not being cost effective especially in areas where the eligible population is not completely covered by a screening programme. Our data show that it would be preferable to use the same amount of money to extend the screening programme to unscreened areas rather than to use it for double increases of 15·0% and 16·4% at first and repeat screening, respectively. At first screening the average predictive value was 17·0% (14'1 to 20'0) for single reading and 15·5% (12'9 to 18,2) for double reading. The corresponding values for repeat screening were 43·3% (27'4 to 60'8) and 38·5% (23'2 to 53'7), respectively. Table 2 shows the estimated costs of independent double reading. The corresponding mean increase in screening costs was 8·5% at first and 6·2% at repeat screening, respectively. The cost for each cancer detected at first or repeat screening was $5744 (increased by 3'5%) or $9501 (increased by 2'7%). Table 3 shows the distribution of cancers by stage and detection modality (both or only one reader). Of 114 cancers detected by both readers, 70% (80/114) were stage 0 and I, compared with 82% (9/11) detected by only one reader. This difference was not significant (X 2=0'21, df= 1, P=0·6). proposed by Thurfiell et ai, 8 where "a" is the number of cancers detected by both readers, and "b" and "c" the number ofcancers detected by only the first or only the second reader, respectively. According to the same formula we calculated the mean increase in referral rate due to the second reading. Screening costs in the Florence programme have been recently estimated and will be the subject of a separate report. The cost for each woman examined was $41 at the first screening or $37'2 at repeat screening, and the cost for each cancer detected at screening was $5548 or $9250, respectively. (Conversion rate used $ 1 = 1550 Italian liras.) Double reading increases screening costs as it doubles the radiologist's workload and it increases referral rates. The mean increase in screening costs due to double reading was calculated on this basis, and compared with the mean increase in cancer detection. 
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Results
A total of 18 817 consecutive mammograms were double read in this study (15300 at first and 3517 at repeat screening) between November 1992 and November 1994. Table 1 shows the effect of double reading on cancer detection and referral rates. Overall, 748 subjects were referred, 156 surgical biopsies were performed, and 125 carcinomas were histologically confirmed. The mean increase in the cancer detection rate for double reading compared with single reading was 4'6% (95% CI 1·1 to 8'9) . The corresponding values at first or repeat screening were 4·8% or 3'4%, respectively. The mean increase in referral rate for double reading compared with single reading was 15·1% (12'3 to 17,8) overall, with Table 2 Estimated costs (I) of independent double reading Independent double reading of screening mammograms reading of mammograms as this would increase the number of cancers detected by screening. On the other hand, the opportunity to maximise screening sensitivity should be considered, especially as tumours detected by double reading are smaller than the average, and might have a greater impact on mortality reduction. Double reading by expert and less expert radiologists may be advisable in newly implemented programmes, as a means of further training, but when all the radiologists taking part are experienced the pros and cons of double reading should be evaluated to confirm its practical usefulness. Just because it is possible to increase the sensitivity of screening does not mean there is an obligate benefit in so doing. Adoption of double reading as a standard policy requires more resources, and a careful analysis of the aggregate costs and of the benefits of policy implementation is necessary.
